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(57) ABSTRACT

A plug-in hybrid electric vehicle powertrain includes an inter-
nal combustion engine and an electric vehicle traction motor,
an engine lubrication oil pump in fluid communication with a
lubrication oil flow circuit for the internal combustion engine,
an electric oil pump drive motor drivingly connected to the
Iubrication oil pump, and a powertrain control module. The
powertrain control module is configured to start the electric
oil pump drive motor immediately upon the initial start of the
vehicle.
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1
POWERTRAIN AND METHOD FOR FAST
START OF AN INTERNAL COMBUSTION
ENGINE IN A HYBRID ELECTRIC VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims foreign priority benefits under 35
U.S.C. §119(a)~(d) to European patent application number
EP 11189384.8, filed Nov. 16,2011, which is incorporated by
reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a plug-in hybrid electric
vehicle powertrain comprising an internal combustion engine
and an electric vehicle traction motor, an engine lubrication
oil pump in fluid communication with a lubrication oil flow
circuit for the internal combustion engine, an electric oil
pump drive motor drivingly connected to the lubrication oil
pump, and a powertrain control module. It further relates to a
method for establishing lubrication oil pressure for an inter-
nal combustion engine in a plug-in hybrid electric vehicle
powertrain comprising an internal combustion engine and an
electric vehicle fraction motor, an engine lubrication oil pump
in fluid communication with a lubrication oil flow circuit for
the internal combustion engine, an electric oil pump drive
motor drivingly connected to the lubrication oil pump, and a
powertrain control module.

BACKGROUND

A lubrication oil pressure at a certain level is necessary
when an internal combustion engine is running. Without suf-
ficient lubrication wear for instance of bearings or even sei-
zure of the engine will be the result. When starting a vehicle
equipped with an internal combustion engine as the only
power source a lubrication oil pressure is built up within a
couple of seconds, i.e. there is a sufficient oil pressure prior to
when the driver normally requires power output from the
engine.

For a plug-in hybrid electric vehicle the electric vehicle
traction motor will drive the vehicle as long as power is
available from the battery and the request for power is mod-
erate. However, at some point, either when the power runs low
on the battery or if the driver requests more power than what
the electric vehicle traction motor can produce, the internal
combustion engine will have to start. Especially, if the driver
wants to accelerate the vehicle at an already relatively high
rpm on the powertrain, the delay in the response will be
significant if the internal combustion engine is to first have a
sufficient lubrication oil pressure. Thus, the problem is to as
fast as possible get power from when starting the internal
combustion engine without damaging it.

SUMMARY

The object of the embodiments disclosed herein is to pro-
vide a plug-in hybrid electric vehicle powertrain and a
method for establishing lubrication oil pressure quickly upon
starting the internal combustion engine of a plug-in electric
hybrid vehicle.

These objects are achieved by the powertrain and method
as set forth in the appended claims.

According to one aspect of the disclosed embodiments a
plug-in hybrid electric vehicle powertrain comprises an inter-
nal combustion engine and an electric vehicle traction motor,
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2

an engine lubrication oil pump in fluid communication with a
lubrication oil flow circuit for the internal combustion engine,
an electric oil pump drive motor drivingly connected to the
Iubrication oil pump, and a powertrain control module. The
powertrain control module is configured to start the electric
oil pump drive motor immediately upon the initial start of the
vehicle.

Thus, when the vehicle is initially started, battery power is
used to run the electric oil pump drive motor and hence the
engine lubrication oil pump. By running the oil pump imme-
diately upon starting of the vehicle, the time required for
achieving sufficient oil pressure in order to be able to get
power from the internal combustion engine is considerably
reduced. The idea is further that there should be no ignition of
the internal combustion engine when performing this prim-
ing.

Some tests have shown that without this “priming” the time
to reach an acceptable oil pressure is about two seconds or
more, of course depending on ambient conditions such as for
instance temperature. With the suggested priming or initial
run of the oil pump, the time for reaching sufficient oil pres-
sure can be reduced to less than one second. The time for
reaching sufficient oil pressure can be reduced to less than one
second even though the time between the initial start of the
vehicle and the starting of the internal combustion engine
might be as long as one hour. The development is going
towards better batteries, i.e. better capacity allowing for
longer periods of electric vehicle mode. The shorter the time
is in between the starting of the vehicle and the starting of the
internal combustion engine the faster the pressure can reach a
sufficient level since the pressure does not decrease instanta-
neously following the priming.

According to a further aspect of the disclosed embodi-
ments the lubrication oil flow circuit comprises a lubrication
oil flow reservoir wherein the lubrication oil pump has an oil
flow inlet connected to the lubrication oil flow reservoir.

The powertrain may comprise a high voltage traction bat-
tery electrically coupled to the electric oil pump drive motor
through an electric relay circuit.

Also an electric oil pump drive motor may be provided that
is areversible generator connected to the oil pump via a crank
shaft. With this solution no additional devices are necessary.

Further, according to another aspect the electric oil pump
drive motor is an integrated starter generator (ISG).

BRIEF DESCRIPTION OF THE DRAWINGS

The powertrain according to one embodiment is explained
below in more detail with reference to the FIG. 1 showing a
simplified layout of the plug-in hybrid electric vehicle pow-
ertrain. A method according to one embodiment is explained
below in more detail with reference to FIG. 2 showing a
simplified flowchart of a method for establishing lubrication
oil pressure for an internal combustion engine in a plug-in
hybrid electric vehicle powertrain.

DETAILED DESCRIPTION

As required, detailed embodiments are disclosed herein;
however, it is to be understood that the disclosed embodi-
ments are merely exemplary and may take various and alter-
native forms. The figure are not necessarily to scale; some
features may be exaggerated or minimized to show details of
particular components. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as
limiting, but merely as a representative basis for teaching one
skilled in the art.
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The embodiments disclosed will now be explained with
reference made to the enclosed figure. The example is chosen
in order to facilitate the reading and understanding of the
invention.

FIG. 1 shows an internal combustion engine 1 of an plug-in
hybrid electric vehicle, an engine lubrication oil pump 2 in
fluid communication with a lubrication oil flow circuit for the
internal combustion engine, an electric oil pump drive motor
3 drivingly connected to the lubrication oil pump 2, and a
powertrain control module 4. The lubrication oil flow circuit
further comprises a lubrication oil flow reservoir 5, the lubri-
cation oil pump 2 having an oil flow inlet connected to the
lubrication oil flow reservoir 5.

When the plug-in hybrid electric vehicle is powered on, the
electric oil pump drive motor 3 is started powered by a battery.
Thus, since the electric oil pump drive motor 3 is drivingly
connected to the lubrication oil pump 2 the oil pressure in the
engine 1 increases. When the pressure reaches a predetermine
value the control module 4 switches the electric oil pump
drive motor 3 off.

The electric oil pump drive motor 3 is a reversible genera-
tor connected to the oil pump via a crank shaft 6. In the shown
embodiment the electric oil pump drive motor 3 is an inte-
grated starter generator (ISG). FIG. 2 shows a method 10 for
establishing lubrication oil pressure for an internal combus-
tion engine in a plug-in hybrid electric vehicle powertrain
comprising an internal combustion engine and an electric
vehicle traction motor, an engine lubrication oil pump in fluid
communication with a lubrication oil flow circuit for the
internal combustion engine, an electric oil pump drive motor
drivingly connected to the lubrication oil pump, and a pow-
ertrain control module. As seen therein, the method com-
prises starting 12 the electric oil pump drive motor upon
initial start of the plug-in hybrid electric vehicle, running 14
the engine lubrication oil pump until the lubrication oil pres-
sure reaches a predetermine value, and switching off 16 the
electric oil pump drive motor.

The foregoing is a disclosure of an exemplary powertrain
and method. However, it is apparent that powertrains and
methods incorporating modifications and variations will be
obvious to one skilled in the art. Inasmuch as the foregoing
disclosure is intended to enable one skilled in the art to prac-
tice the embodiments disclosed, it should not be construed to
be limited thereby, but should be construed to include such
modifications and variations as fall within the scope of the
claims. For instance, the lubrication oil reservoir is more
likely to be immediately attached to the engine than what is
shown in FIG. 1.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the invention. Rather, the words used in the specifi-
cation are words of description rather than limitation, and it is
understood that various changes may be made without depart-
ing from the spirit and scope of the invention. Additionally,
the features of various implementing embodiments may be
combined to form further embodiments of the invention.

What is claimed is:

1. A plug-in hybrid electric vehicle powertrain comprising:

an internal combustion engine and an electric vehicle trac-
tion motor;

an engine lubrication oil pump in fluid communication
with a lubrication oil flow circuit for the internal com-
bustion engine;

an electric oil pump drive motor drivingly connected to the
lubrication oil pump; and
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a powertrain control module configured to start the electric
oil pump drive motor immediately upon initial start of
the vehicle;

wherein the electric oil pump drive motor is a reversible
generator directly mechanically connected to the oil
pump via a crank shaft without the use of a clutch.

2. The plug-in hybrid electric vehicle powertrain according
to claim 1, wherein the lubrication oil flow circuit comprises
a lubrication oil flow reservoir, the lubrication oil pump hav-
ing an oil flow inlet connected to the lubrication oil flow
reservoir.

3. The plug-in hybrid electric vehicle powertrain according
to claim 1, further comprising a high voltage traction battery
electrically coupled to the electric oil pump drive motor
through an electric relay circuit.

4. The plug-in hybrid electric vehicle powertrain according
to claim 1, wherein the electric oil pump drive motor is an
integrated starter generator (ISG).

5. A method for establishing lubrication oil pressure for an
internal combustion engine in a plug-in hybrid electric
vehicle powertrain comprising an internal combustion engine
and an electric vehicle traction motor, an engine lubrication
oil pump in fluid communication with a lubrication oil flow
circuit for the internal combustion engine, an electric oil
pump drive motor drivingly connected to the lubrication oil
pump, and a powertrain control module, the method compris-
ing:

starting the electric oil pump drive motor immediately
upon initial start of the plug-in hybrid electric vehicle;

running the engine lubrication oil pump until a lubrication
oil pressure reaches a predetermine value; and

switching off the electric oil pump drive motor;

wherein the electric oil pump drive motor is a reversible
generator directly mechanically connected to the oil
pump via a crank shaft without the use of a clutch.

6. The plug-in hybrid electric vehicle powertrain according
to claim 2, further comprising a high voltage traction battery
electrically coupled to the electric oil pump drive motor
through an electric relay circuit.

7. The plug-in hybrid electric vehicle powertrain according
to claim 2, wherein the electric oil pump drive motor is an
integrated starter generator (ISG).

8. The plug-in hybrid electric vehicle powertrain according
to claim 5, wherein the electric oil pump drive motor is an
integrated starter generator (ISG).

9. For use in a plug-in hybrid electric vehicle powertrain
having an internal combustion engine and an electric vehicle
traction motor, an engine lubrication oil pump in fluid com-
munication with a lubrication oil flow circuit for the internal
combustion engine, and an electric oil pump drive motor
drivingly connected to the lubrication oil pump, a control
system comprising:

a powertrain control module configured to start the electric
oil pump drive motor immediately upon initial start of
the vehicle;

wherein the electric oil pump drive motor is a reversible
generator directly mechanically connected to the oil
pump via a crank shaft without the use of a clutch.

10. The control system of claim 9 wherein the lubrication
oil flow circuit comprises a lubrication oil flow reservoir, the
Iubrication oil pump having an oil flow inlet connected to the
lubrication oil flow reservoir.

11. The control system of claim 9 wherein the electric oil
pump drive motor is electrically coupled to a high voltage
traction battery through an electric relay circuit.

12. The control system of claim 9 wherein the electric oil
pump drive motor is an integrated starter generator (ISG).
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13. The method of claim 5 further comprising, after switch-
ing off the electric oil pump drive motor:
starting the electric oil pump drive motor when the lubri-
cation oil pressure decreases below the predetermined
value; and 5

running the engine lubrication oil pump until the lubrica-
tion oil pressure reaches the predetermine value.

14. The plug-in hybrid electric vehicle powertrain of claim
1 wherein the powertrain control module is further configured
to switch the electric oil pump drive motor off when a lubri- 10
cation oil pressure reaches the predetermined lubrication oil
pressure and to thereafter start the electric oil pump drive
motor when the lubrication oil pressure decreases below the
predetermined lubrication oil pressure.

15. The control system of claim 9 wherein the powertrain 15
control module is further configured to switch the electric oil
pump drive motor off when a lubrication oil pressure reaches
the predetermined lubrication oil pressure and to thereafter
start the electric oil pump drive motor when the lubrication oil
pressure decreases below the predetermined lubrication oil 20
pressure.
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